Contour integration was measured in a group of anisometropic amblyopes to test the idea recently put forward that positional uncertainty sets a fundamental limit to contour integration in amblyopia. Anisometropic amblyopia, unlike strabismic amblyopia, has little or no positional uncertainty once the initial filtering loss has been taken into account. Therefore, according to the explanation put forward to explain strabismic amblyopia, anisometropes should exhibit normal contour integration. We show that this expectation is realized for five of our six anisometropic amblyopes.
INTRODUCTION
In a recent study, it was shown that contour integration is anomalous in strabismic amblyopia (Hess, McIlhagga & Field, 1997) . However, this was due solely to the accompanying internal positional uncertainty associated with the condition. The fellow dominant eye with an equivalent level of external positional uncertainty exhibited comparable levels of performance on the contour integration task (Field, Hayes & Hess, 1993 ). An appealing explanation for the positional uncertainty in strabismic amblyopia is a disordered cortical representation due to the failure of self-calibrating processes in early visual development as the result of the eye misalignment (Hess, Campbell & Greenhalgh, 1978; Hess, Field & Watt, 1990; Hess & Field, 1994 ; but also see Levi & Klein, 1986 ). This suggests that there are normal interactions between cells whose positions are disordered.
Anisometropic amblyopes, unlike their strabismic counterparts do not exhibit measurable amounts of positional uncertainty either at the limit of resolution (Levi & Klein, 1982 , 1985 or for targets well within the resolution limit (Hess & Holliday, 1992; Demanins & Hess, 1996) once their filtering losses have been taken into account. Assuming that the major difference between the two conditions is positional uncertainty, one would expect contour integration to be normal in anisometropic amblyopia. Here we examine this issue using the paradigm of Field et al. (1993 
METHODS
In all experiments the observers' task was to identify which of two presentations contained the "path stimulus". A path stimulus consisted of a set of oriented Gabor elements aligned along a common contour, embedded in a background of similar, but randomly oriented Gabor elements. A no-path stimulus consisted of just randomly placed and randomly oriented Gabor elements. Gabor elements were used to control the spatial frequency composition of the stimuli so that the path could not be extracted by a single broad band detector. By using such stimuli we hope to gain a better understanding of the combinatorial rules which govern the outputs of visual neurones used in the extraction of the path from the background elements.
Stimuli
Oriented spatial frequency bandpass elements were used in this study; the oriented Gabor elements were defined by the equation:
where 0 is the element orientation, from 0 to 360 deg, (x,y) is the distance in degrees from the element centre, and c is the contrast. The sinusoidal frequency f= 0.05 c/pixel, the space constant ~ = 0.4 x 2. The contrast was 90%. The spatial frequency varied for the particular amblyope (ranging from 3 to 12 c/d; see Appendix of Hess et al., 1997 for complete stimulus parameters). A no-path stimulus was constructed in the following way. A 624 pixel wide square was divided into a 13 by 13 grid of equally sized cells. A Gabor element of random orientation was placed randomly in each display cell, with the restriction that each cell contain the centre of only one Gabor element. This eliminates the clumping of elements due to random placement. The elements were also placed to avoid overlap as much as possible. An empty cell occurred if the cells' Gabor patch could not be placed without significantly overlapping any of its neighbours (i.e. crowded out by its neighbours). There were fewer than 4 per image. A path stimulus consisted of two parts; the path itself and the background (Fig. 1) . The construction of the path is described in detail elsewhere (Hess et al., 1997) . The path had a backbone of eight invisible line segments; each line segment was of length 67 pixels and the line segments joined at an angle uniformly distributed from -4 to ~ + 4 deg. ~ Is called the path angle. Gabor elements were then placed at the middle of each line segment. The orientation 0 of each element was the same as the orientation of the line segment on which it was placed. The element angle which is defined as the angle that the oriented element makes with the invisible backbone would be zero in this case (see Hess et al., 1997 for more detail).
Apparatus and experimental procedures
All stimuli were displayed on a Sony Trinitron monitor driven by a Sun Sparc station 2 computer, which generated stimuli on-line and controlled display and data collection. The mean luminance was 35 cd/m 2 (see Hess et al., 1997 for more detail). An experimental run consisted of a block of 50 trials. During each trial, two images were presented (a path in a noise background and a noise background image alone) in random order. The subject's task was to indicate with a button press which presentation contained the path. In each run, the path angle ~ was set to 0, 5, 10, 20, 30, 40deg etc. Each presentation was of a 2 sec duration. Typically, each block was repeated twice to obtain at least 100 trials per path angle.
Positional uncertainty
We measured the positional uncertainty of the amblyopic eye using a 2AFC discrimination task between a path composed of accurately positioned elements (a pedestal of zero uncertainty) and an identical path 
where p(x) is the probability of correctly discriminating between the two paths at a jitter variance of x. c Represents the 81% correct threshold and b the slope of the psychometric function. Unequal trials were handled by the fitting procedure which used maximum likelihood. From this determination we obtained the delta uncertainty for one of a number of different path angles for each subject. If this was significantly elevated, which did occur for one of our anisometropic amblyopes, we went on to measure the associated intrinsic uncertainty. To determine the level of intrinsic uncertainty (within the amblyopic visual system) we reversed the above procedure for the normal fellow eye. This time the increment was held fixed at the level previously determined for the fellow amblyopic eye and the pedestal uncertainty was adjusted in the manner described above. The threshold which was derived in a manner identical to that described above represented the internal pedestal of uncertainty in the amblyopic eye, which corresponded to the previously determined incremental sensitivity of the amblyopic eye. We are assuming that the function describing positional uncertainty/pedestal uncertainty for the amblyopic eye is merely a laterally shifted version of that for the normal eye. In other words, external and internal uncertainty are additive (for support see for normal vision and Watt & Hess, 1987 for amblyopic vision). We undertook this determination for at least three different path angles (see
Hess et al., 1997 for further explanation).

Practice effects and experimental design
The practice that was given on this task was minimal and was designed to familiarize the subject with the task. We have found that 50 trials is sufficient to ascertain that the subject understands the task. Each subject had a minimum of 50 trials, after which two sets of 50 trials were collected. In two subjects, four sets of 50 trials were collected. Runs were alternated between the eyes, always beginning with the dominant eye. We did not see any improvement in performance between the first and final set of 50 trials for any of the amblyopic eyes tested. The path angle was selected randomly for each subject.
Acuity measurements
We determined the grating acuity for each subject's amblyopic eye using a 2AFC task in which the subject had to choose which of two stimuli were vertically oriented. The stimuli comprised a field of randomly positioned Gabor elements whose carriers were either vertically or horizontally oriented. The screen parameters of these Gabors were identical to those used in subsequent path experiments. We measured the maximal viewing distance for which the orientation of our stimuli was visible. A viewing distance which corresponded to one half this distance was chosen for each subject to ensure that the elements fell well within their restricted spatial passband. The dominant eye of each amblyope was tested at this same distance. In scaling path stimuli of this kind, one needs to be mindful of the fact that larger stimulus fields invade more eccentric areas, which may introduce an added difficulty into the task because paths falling in the periphery of the display may not be detected within a short presentation time.
Special features
To overcome this we introduced two features into the stimulus. The first was the constraint that the central element of the path had to fall within a defined central zone which was set to a radius of 30 pixels. This ensured that paths restricted to the peripheral regions of the display were not displayed. Secondly, we set the exposure duration to 2 sec, whereas previously we had used 200 msec for normal vision. This ensured that there was plenty of time for an eye movement by the amblyopic eye should that be necessary. Our previous results had shown that there was only a slight improvement in performance between exposure durations of 50 msec and 2 sec. Table 1 lists the clinical details of our group of six anisometropic amblyopes. They all were given a 50-trial practice session to familiarize themselves with the task prior to data collection.
Clinical details
RESULTS AND DISCUSSION
Contour integration was compared between the dominant and fellow amblyopic eye of each anisometropic amblyope at a testing distance for which the carrier frequency of individual Gabor micropatterns was a factor of 2 lower than the resolution capabilities of each amblyopic eye. Results are displayed in Fig. 2 as percent correct as a function of path angle for dominant (open symbols) and fellow amblyopic eyes (filled symbols). In each case, the best fitting error functions are displayed as dashed and solid curves, respectively (see Table 2 for parameters). In all but one case (CA: whose acuity deficit was the most severe), there was no significant difference between the best fitting psychometric functions for the dominant and fellow amblyopic eyes. At the contrast and spatial scale used, the individual micropatterns were approximately equally visible to the dominant and fellow amblyopic eyes and under these conditions, performance on this contour integration task was also equivalent.
In a separate task in which only the path was visible, devoid of any background elements, we measured the incremental positional uncertainty of both the dominant and fellow amblyopic eyes at each of two path angles by discriminating between perfectly aligned paths (i.e., on a zero pedestal) and ones in which a gaussian distributed 2-D positional displacement was added to each path element. These results are shown in Fig. 3 . Data falling on the solid sloping line suggest that the incremental positional uncertainty of the dominant and fellow amblyopic eye is similar, data falling below this line suggest that the incremental positional uncertainty of the anablyopic eye is depressed. In all but one case (CA), the incremental positional uncertainty was equal in dominant and fellow amblyopic eyes. For CA, the amblyopic eye (solid symbols) displayed a small (less than a factor of 2) but significant loss in incremental positional uncertainty. In order to take this into account in our interpretation of the associated anomalous contour integration (Fig. 2) , we measured in a separate experiment using the fellow dominant eye, the pedestal of positional uncertainty associated with this level of incremental uncertainty (see Methods) in the amblyopic eye. This we took to be the raised level of internal uncertainty in the amblyopic eye responsible for the previously measured loss of incremental uncertainty (see Methods and Hess et al., 1997 for a more detailed discussion). Using the dominant eye, we then re-measured performance on the contour integration task with each path element now having this degree of positional uncertainty. From this we hoped to deduce the extent to which the non-zero pedestal of internal positional uncertainty exhibited by this amblyope could account for the reduced performance shown previously in Fig. 2 for contour integration. The hourglass symbols in Fig. 2 represent performance of the fellow dominant eye for a level of stimulus uncertainty corresponding to that 
